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SPECIFIC  DISTINCTNESS  AND  ADAPTIVE 

DIFFERENCES  IN  SOUTHWESTERN 

MEADOWLARKS 

By 

SlEVERT    ROHWER^ 


The  ranges  of  the  three  meadovvlark  forms  inhabiting  the 
desert  grasslands  of  Texas,  New  Mexico,  Arizona,  and  Mexico 
were  poorly  known  prior  to  the  work  of  Lanyon  (1962)  and 
Rohwer  (1972b)  in  this  region.  We  know  now  that  the  desert 
grassland  morph  of  the  Eastern  Meadowlark  (SttinieUa  magna 
lilianae),  hereafter  referred  to  as  liUanae,  is  presently  isolated  from 
other  forms  of  S.  magna.  The  southern  breeding  limits  of  lilianae 
are  in  northern  Sonora  and  Chihuahua  and  the  Big  Bend  region 
of  Texas;  farther  south  there  is  a  considerable  gap  before  one 
encounters  the  northern  breeding  limits  of  other  populations  of 
S.  magna,  which  occupy  the  western  coastal  regions  of  central 
Mexico  (Lanyon,  1962:  Fig.  1). 

Extensive  field  work  in  western  Texas  has  also  shown  lilianae 
to  be  isolated  from  the  great  sea  of  eastern  meadowlarks  inhabiting 
the  eastern  half  of  North  America  (Rohwer,  1972b).  S.  lilianae 
reaches  its  eastern  limit  in  the  western  part  of  the  Llano  Estacado. 
Prior  to  extensive  cultivation  of  the  Llano  in  the  region  of  Lubbock, 
Texas,  it  may  have  occurred  east  to  the  sharply  demarked  line  of 
breaks  in  central  western  Texas  marking  the  eastern  edge  of  the 
Llano  (see  Rohwer,  1972b:  Fig.  2). 

East  of  the  present  range  limit  for  lilianae  there  is  a  gap  of  80 
or  more  miles  before  one  encounters  a  more  mesic  morph  of  S. 

^  Department  of  Zoology  and  Washington  State  Museum  University  of 
Washington,  Seattle,  Washington  98195. 
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Fig.  1.  Projections  of  the  male  specimens  of  neglecta  (solid  circles), 
magna  (triangles),  and  liliane  (open  circles)  onto  the  canonical  axes  maximally 
separating  these  groups.  Axis  I  includes  variables  that  provide  a  contrast 
between  flight-related  and  hind  limb  elements;  Axis  II  includes  color 
variables  of  the  cheek  feathers  and  rectrices. 


magna,  common  in  narrow  fingers  of  dry  meadow  liabitat  along 
the  Canadian,  Red,  and  Brazos  rivers  of  western  Texas.  These 
meadowlarks,  hereafter  referred  to  as  magna,  do  not  occur  west  of 
points  along  the  Canadian  and  Red  rivers  where  their  flood  plains 
narrow  and  become  confined  to  rugged  canyons.  Along  the  Brazos, 
a  smaller  river  with  a  poorly  defined  flood  plain,  magna  does  not 
extend  far  enough  west  to  be  confined  to  a  narrow  flood  plain 
strip  as  it  does  along  the  rivers  to  the  north  (Rohwer,  1972b:  Fig.  2). 

The  western  meadowlark  (Stiirnella  neglecta)  occurs  more-or- 
less  continuously  over  all  the  range  of  UUaiiae  (Lanyon,  1962). 
Furthermore,  it  occurs  continuously  across  the  hiatus  between  the 
ranges  of  Ulianae  and  magna  in  western  Texas  and  was  sympatric 
with  these  forms  at  most  localities  where  they  were  collected  in 
Texas  and  New  Mexico  (Rohwer,  1972a,  1972b). 

Lanyon  (1962)  was  the  first  to  note  that  the  ecological  relation- 
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ship  of  lilianae  and  neglecta  is  the  reverse  of  the  relationship  of 
magna  and  neglecta.  Where  lilianae  and  neglecta  are  broadly  sym- 
patric,  lilianae  is  found  in  the  more  arid,  truly  desert  grassland,  and 
neglecta  found  in  more  mesic  situations.  Indeed,  in  the  southwest 
it  is  neglecta  that  inhabits  the  river  valleys  and  irrigated  farmland. 
But  in  the  Great  Plains,  east  of  the  range  of  lilianae,  it  is  neglecta 
that  inhabits  the  arid  uplands  and  magna  that  is  found  in  the  mesic 
river  flood  plains.  Where  neglecta  is  sympatric  with  either  magna 
or  lilianae,  interspecific  breeding  territories   are  maintained. 

The  geographic  isolation  of  lilianae  from  magna  and  their  re- 
markable habitat  differences  in  eastern  New  Mexico  and  western 
Texas  prompted  me  to  assess  their  phenetic  distinctness.  The  con- 
tinuous distribution  of  neglecta  within  and  between  the  ranges  of 
lilianae  and  magna  makes  the  analysis  more  interesting,  for  each 
can  be  compared  to  a  single  "standard,"  namely,  specimens  of 
neglecta  from  the  southwest.  This  allows  a  comparison  of  the 
phenetic  distinctness  of  lilianae  and  magna  relative  to  each  other 
and  to  neglecta. 
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Fig.  2.  Projections  of  the  female  specimens  of  neglecta  (solid  circles), 
magna  (triangles),  and  lilianae  (open  circles)  onto  the  canonical  axes  maxi- 
mally separating  these  groups;  see  legend  to  Fig.  1. 
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But,  even  more  interesting,  average  habitat  differences  of  these 
meadowlarks  are  such  that  the  two  closely  related  forms,  lilianae 
and  magna,  are  most  distinct  in  their  habitats.  Thus,  we  have  an 
unusual  situation  contrasting,  presumably,  the  genetics  of  a  com- 
mon ancestry  with  recent,  and  likely  incomplete,  adaptations  to 
very  different  environments.  The  present  paper  concerns  the 
adaptive  significance  of  character  differences  between  the  three 
forms;  these  are  discussed  in  detail  for  males  for  which  I  had  good 
samples.  Generally,  the  trends  for  females  were  identical,  so  de- 
tailed tabulations  are  presented  only  for  males. 

Methods 

Specimens  for  this  analysis  were  collected  in  the  summers  of 
1968  and  1969  and  prepared  as  flat-skin /skeleton  combinations. 
Collection  dates  and  locality  listings,  as  well  as  descriptions  of  the 
skeletal  and  external  characters  used  in  this  analysis  are  available 
elsewhere  (Rohwer,  1972a:  Table  1  and  p.  319). 

The  specimens  were  sorted  into  three  groups.  For  males,  the 
desert  grassland  specimens  of  neglecta  and  lilionae  formed  two 
groups,  and  the  third  was  formed  by  specimens  of  magna  from 
localities  4,  32,  35,  36,  and  37  in  Texas.  For  females,  neglecta 
specimens  were  from  the  desert  grassland  localities,  as  well  as 
Texas  localities  32,  33,  35,  36,  and  37;  lilianae  specimens  were  from 
the  desert  grassland  localities;  and,  magna  specimens  were  from 
Texas  localities  4,  32,  34,  35,  36,  and  37. 

Identification  of  specimens  from  localities  of  sympatry  was  based 
entirely  on  the  results  of  principal  component  and  discriminant 
function  analyses  performed  in  an  earlier  in\'estigation  of  inter- 
breeding (Rohwer,  1972).  Little  or  no  evidence  of  interbreeding 
was  found;  consequently,  the  few  phenetically  intermediate  speci- 
mens were  included  for  this  analysis  in  the  taxonomic  group  to 
which  they  were  most  similar.  This  was  done  to  insure  that  po- 
tentially normal  intraspecific  character  variation  was  not  truncated. 
The  sole  exception  to  this  procedure  was  a  female  from  Knox  City, 
Texas,  excluded  because  it  fell  closest  to  the  magna  cluster  in  a 
principal  component  analysis,  but  closest  to  the  neglecta  cluster 
in  discriminant  function  analysis  (Rohwer,  1972a). 

The  three  groups  of  males  and  females  were  subjected  to 
canonical  analyses,  using  35  characters  for  males  and  30  for  females. 
With  three  groups,  such  an  analysis  "finds"  the  plane  which,  when 
fit  through  the  three  multidimensional  clusters  of  data  points, 
maximizes  separation  of  the  groups  relative  to  their  pooled  within- 
group  variance.  Practically  speaking,  this  analysis  provides  two 
sets  of  canonical  coefficients  which,  for  each  set,  are  multiplied 
by  the  character  values  for  a  specimen  and  summed  over  all 
characters.    The  two  resulting  sums,  or  scores,  for  each  specimen 
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are  then  used  to  plot  the  specimens  onto  the  new  Cartesian 
coordinates  (canonical  axes)  defining  the  plane  fit  through  the  three 
groups.  The  matrix  of  scores  giving  the  two  coordinates  for  each 
specimen  is  obtained  by 

P  =  D  X  C. 

P  is  the  n  X  2  matrix  of  scores,  D  the  n  X  k  data  matrix,  and  C 
the  k  X  2  matrix  of  canonical  coeflBcients;  n  is  the  number  of  speci- 
mens and  k  the  number  of  characters.  The  canonical  coefficients 
needed  for  computing  coordinates  that  would  be  used  to  plot 
other  specimens  in  my  figures  are  provided  in  Table  1,  which  also 
provides  the  standardized  canonical  coefficients  which,  by  their 
absolute  magnitude,  indicate  the  relative  contribution  of  the  char- 
acters to  the  separation  of  the  groups. 

Unfortunately,  sample  sizes  for  females  were  small  and  only 
30  of  the  35  characters  measured  could  be  used,  since  the  NT-SYS 
program  for  canonical  analysis  requires  at  least  as  many  specimens 
in  each  group  as  characters  measured.  This  sample  size  problem 
also  explains  why  more  localities  were  pooled  to  make  the  sample 
of  neglecta  females.  For  the  analysis  of  females,  the  five  characters 
eliminated  were  those  of  minimal  importance  in  group  separation 
in  the  analysis  for  males.  For  both  sexes,  missing  characters  were 
replaced  by  estimates  obtained  from  univariate  regressions  employ- 
ing the  character  present  on  a  specimen  that  was  most  highly 
correlated  with  the  missing  character  as  the  independent  variable. 
Regression  coefficients  used  for  these  estimations  were  obtained 
from  a  single  correlation  matrix  calculated  for  each  sex  by  com- 
bining the  tliree    groups. 


Results  and  Discussion 

Bivariate  scatter  diagrams  of  specimen  scores  on  the  two 
canonical  axes  are  presented  for  males  in  Fig.  1  and  for  females 
in  Fig.  2.  Although  magna  and  Ulianae  are  not  as  distinct  from 
each  other  as  is  each  from  neglecta,  there  is  a  remarkable  phenetic 
gap  between  them.  Bartlett's  test  shows  canonical  axis  II,  which 
in  both  sexes  accounted  for  all  separation  between  the  magna  and 
Ulianae  clusters,  to  be  highlv  significant  in  group  separation 
(p<.001;  Seal,  1968:135). 

The  scattergrams  presented  in  Figs.  1  and  2  summarize  for  the 
first  time  the  phenetic  relations  between  Ulianae,  magna  and  ne- 
glecta in  such  a  way  that  the  magnitude  of  the  gap  between  Ulianae 
and  magna  is  perfectly  clear.  A  quantitative  measure  of  the  differ- 
entiation of  UUanae  and  magna  relative  to  neglecta  is  provided  by 
the  generalized  distances  presented  Table  2.  For  males,  UUanae 
and  magna  are  separated  by  63%  of  the  average  of  the  two  distances 
separating    UUanae   and    neglecta,   and    magna   and    neglecta;    for 
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Table  2. — Generalized  distances  between  specimen  samples  of  Sturnella  ne- 

glecta,  lilianae,  and  magna  collected  in  Texas  and  New  Mexico.    Values  for 

females  are  presented  above  tlie  diagonal,  values  for  males  below. 

S.  neglecta  S.   magna  S.  lilianae 

S.  neglecta     10.666  11.148 

S.  magna    10.806  6.770 

S.  lilianae  11.066  6.847  

females  liliaime  and  magna  are  separated  by  62%  of  the  comparable 
average.  Thus,  magna  and  lilianae  are  more  than  60%  of  the  way 
to  being  as  distinct  morphologically  as  are  two  different  sympatric 
populations  of  meadowlarks  that  do  not  interbreed. 

The  very  fact  that  there  is  no  overlap  between  the  clusters  for 
lilianae  and  magna  suggests  that  other  investigation  of  these  isolated 
forms  might  prove  them  specifically  distinct.  It  is  possible  that 
experimental  work  would  reveal  tliem  to  be  incapable  of  inter- 
breeding because  of  incompatible  gene  complexes.  For  magna 
and  neglecta  Lanyon  (in  litt.)  has  evidence  that  fi  backcrosses  are 
sterile. 

Certainly  it  would  be  instructive  to  analyze  more  samples  of 
these  birds,  particularly  of  lilianae  from  parts  of  Arizona  where  it 
is  found  in  more  mesic  habitats.  Nevertheless,  with  regard  to  a 
potential  contact  between  magna  and  lilianae  populations  in  the 
southwest,  the  available  specimens  could  hardly  come  from  a  more 
perfect  set  of  localities  (see  Rohwer,  1972b,  Fig.  2).  In  the  region 
represented  by  this  study,  the  presence  of  neglecta  distributed 
across  the  ranges  of  both  lilianae  and  magna  is  probably  forcing 
a  divergence  between  the  latter  forms.  This  is  so  because  magna 
is  better  adapted  to  habitats  more  mesic  than  those  occupied  by 
neglecta.  Thus,  the  sympatry  of  neglecta  with  both  fonus  must 
be  driving  them  toward  greater  divergence. 

Furthermore,  this  e\'olution  is  probably  being  driven  in  a  proxi- 
mate sense  by  the  relative  dominance  of  the  two  morph  pairs.  In 
the  contact  between  magna  and  neglecta  along  the  rivers  of  the 
Great  Plains  the  slightly  larger  magna  are  competitively  superior 
and  obtain  most  of  the  lushest  territories.  Yet,  in  isolated  places 
where  magna  are  not  present,  neglecta  settle  in  similarly  lush 
territories.  While  neglecta's  preference  for  lush  territories  has  not 
been  proved,  such  preference  seems  almost  certain  for  meadow- 
larks  since  they  are  polygamous,  and  more  productive  territories 
should  support  more  breeding  females.  Indirect  evidence  of  this 
comes  from  the  facts  (1)  that  tlie  incidence  of  polygyny  increases 
as  one  moves  from  xeric  to  mesic  habitats  in  plains  meadowlarks 
(Rohwer,  unpublished),  and  (2)  that  neglecta  has  converged  toward 
magna  in  body  size  and  aggressive  signals  in  areas  of  contact  be- 
tween the  t\^^o  along  the  river  systems  of  the  central  Great  Plains 
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(Rohwer,  1973).  S.  neglecfa,  being  the  larger  morph  where  it  co- 
occurs  with  lilianae,  must  be  socially  dominant,  and  thus  forces 
lilianae  into  less  productive  habitat. 

The  relative  importance  of  the  character  loadings  on  the  two 
canonical  axes  is  also  of  interest  because  Axis  I  is  entirely  re- 
sponsible for  separating  neglecta  from  lilianae  and  magna  com- 
bined. Thus,  Axis  I  represents  contrasts  between  characters  that 
most  strongly  differentiate  neglecta  from  lilianae  and  magna.  As 
shown  by  the  character  means  for  males  (Table  3),  these  tend  to 
be  either  contrasts  of  flight-related  elements  and  leg  characters 
or  contrasts  of  the  standard  color  characters  usually  used  to  dis- 
tinguish these  birds.  Easterns  (used  here  as  a  substantive  including 
lilianae  and  magna)  have  relatively  short  Hight  related  characters — 
length  of  ulna,  manus,  coracoid,  and  wing  chord — but  relatively 
long  leg  elements — lengths  of  femur,  tibiotarsus  and  hallux.  This 
implies  a  fundamental  difference  in  flight  adaptations  of  neglecta, 
coming  largely,  apparently,  from  a  more  efficient  flight  apparatus. 
S.  neglecta  has  much  the  longest  wing,  perhaps  because  it  is  more 
migratory;  another  functional  cause  of  the  longer  wing  elements 
of  neglecta  might  be  its  more  frequent  use  of  flight  displays 
(Lanyon,  1957).  This  interpretation  is  supported  by  the  fact  that 
wing  chord  loads  less  strongly  in  females  than  males  (Table  1). 
S.  m.  lilianae  is  largely  resident,  yet,  despite  having  the  smallest 
body  side,  it  has  a  longer  average  wing  chord  than  magna  (Table  3). 
Since  lilianae  is  largely  resident,  one  wonders  if  it  more  often 
engages  in  aerial  display  than  does  magna,  as  would  be  appropriate 
for  its  desert  habitat.  In  a  descriptive  sense  the  larger  wing  of 
lilianae,  relative  to  magna,  is  another  example  of  Hamilton's  (1958) 
"aridity  effect,"  die  adapti^'e  significance  of  which  is  not  understood. 

Of  more  interest  are  the  characters  loading  on  Axis  II  which, 

Table  3. — Axis  I  characters  of  males  separating  Sturnella  neglecta  from  lilianae 

and  magna  combined. 

Character  Standardized 

Loading  on  Character  Means  (mm) 

Axis  I  S.   neglecta        S.   lilianae        S.  magna 

Ulna    Length    -.585  38.56  37.54  37.32 

Manus    Length   -.213  22.11  21.23  21.02 

Femur   Length    .292  32.19  33.00  33.12 

Tibiotarsus  .553  53.72  54.84  55.98 

Coracoid  Length  -.218  29.08  28.59  28.84 

Halhix  Length  .403  16.09  16.68  17.84 

Cheek  Yellow  Height  .__.  -.917  6.57  0.87  2.44 

Cheek  Yellow  Length  ____  .362  18.67  3.82  12.07 

White    R3    .355  7.06  44.08  31.24 

Flank  Score  -.283  1.87  1.31  1.06 

Wing   Chord   -.477  122.38  116.84  115.78 
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strictly  on  the  basis  of  morphological  measurements,  linearly  ar- 
range the  three  morphs  into  their  actual  ecological  relationship, 
from  xeric  to  mesic.  For  ease  of  comparison  I  have  presented  in 
Table  4  the  character  means  of  those  loading  over  ±  .200  and  be- 
tween each  of  these  means  signs  of  direction  of  difference.  Some 
represent  a  steady  directional  progression  while  others  are  contrasts 
between  the  two  most  similar  morphs  and  either  Ulianae  or  magna, 
whichever  is  more  extreme.  In  this  latter  case  the  sign  between 
the  more  similar  means  is  an  approximate  equals  (=),  which  allows 
the  inequality  sign  to  draw  attention  to  the  character  relation  of 
most  importance  in  sequencing  the  clusters. 

Again  wing  chord  and  humerus  length  contrast  Jilianae  and 
neglecta  with  magna.  The  importance  of  this  contrast  is  empha- 
sized by  its  independent  occurrence  in  orthogonal  Axis  II.  This 
is  the  most  striking  because  body  size  is  smallest  for  Ulianae,  thus 
emphasizing  some  oppositional  selective  force  operating  on  the 
flight  mechanisms  of  Ulianae  and  magna.  By  contrast,  tail  length 
is  perplexingly  reduced  in  UUanae.  In  females  tail  length  is  even 
more  important  on  Axis  II.  Himierus  length  in  females  is  much 
less  important  than  in  males  (compare  Table  1)  but  has  been  re- 
placed by  ulna,  a  wing  element  which  in  females  show  greater 
intergroup  size  variation  relative  to  within-group  variance  than 
does  the  humerus.  The  signs  of  the  character  coefficients  for  these 
wing  bones  are  the  same  and  presumably  reflect  similar  adaptive 
differentiation  in  both  sexes. 

Two  signaling  characters,  the  length  of  yellow  along  the  cheek 
and  the  amount  of  white  in  the  fifth  rectrix  are  important  in  Axis  II. 
The  yellow  along  the  cheek  is  probably  an  important  signaling 
character  only  when  individuals  are  involved  in  very  short  distance 
communication,  such  as  territorial  boundary  disputes,  and  it  is  most 
extensive  in  magna  and  neglecta,  both  of  which  occur  at  higher 
densities  than  does  UUanae.  The  white  in  the  rectrices  displayed 
by  tail  flashing  is  presumably  of  greater  importance  in  long  distance 
signaling,  and  is  most  extensive  in  UUanae,  the  form  occurring  in 
lowest  densities  and  consequently  in  the  least  defensible  habitat. 
For  females,  white  in  the  rectrices  loads  with  a  positive  sign,  as 
in  males,  but  differences  in  variances  cause  rectrix  six  and  rectrix 
four  to  load  strongly,  in  contrast  to  rectrix  five  in  males  (see  Table 
1).  An  interesting  contrast  in  the  sexes  is  that  white  in  the  rectrices 
is  a  much  more  important  distinctive  character  in  females  than  in 
males,  suggesting  more  variation  in  signals  sent  by  females  than 
by  males.  By  contrast,  the  yellow  along  the  cheek,  a  character  of 
presumed  importance  in  intramale  aggressive  signaling  (Rohwer, 
1973),  loads  much  more  strongly  in  males  than  females. 

Another  interesting  set  of  character  contrasts  may  be  referred 
to  as  the  rail  effect,  in  reference  to  the  big  feet  and  lateral  compres- 
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sion  of  rails.  Both  sternum  length  and  depth  are  relatively  large 
in  magna  as  compared  to  lilianae  and  neglecta.  This  suggested  a 
compressing  of  the  body  mass  in  magna  to  facilitate  walking 
throvigh  grass.  Consec[uently,  I  have  also  included  sternum  width 
in  Table  4,  even  though  its  contribution  is  weaker  than  that  of  the 
other  characters.  The  anticipation  was  that  sternum  width  should 
be  relatively  narrower  in  magna,  and  this  is  confirmed  by  the  op- 
posite sign  on  its  coefficient  and  the  relation  of  the  character  means. 
Hallux  length  also  emerges  as  an  important  contrast  here.  S.  magna 
has  by  far  the  longest  hallux,  presumably  to  help  support  its  weight 
when  walking  over  grass,  while  the  neglecta  hallux  is  shortest  and 
that  of  lilianae  intermediate.  One  might  guess  that  the  lilianae 
hallux  should  now  be  in  the  process  of  being  selectively  shortened. 
These  contrasts  hold  similarly  for  females. 

Only  two  other  characters  of  Table  4  seem  worthy  of  comment. 
The  length  of  the  bony  bill  (premaxilla)  forms  a  graded  progression 
in  males  from  shortest  in  lilianae  to  the  largest  in  magna,  perhaps 
associated  with  prey  size  differences,  or  the  need  to  probe  more  in 
longer  grass.  In  females  a  comparable  progression  is  seen  in  the 
analogous  length  of  the  mandible.  More  interesting  is  the  striking 
progression  in  size  of  the  external  nares,  an  important  character  in 
both  sexes.  This  is  much  the  largest  in  lilianae  and  perhaps  repre- 
sents a  modification  increasing  the  efficiency  of  evaporative  cooling 
in  lilianae,  where  high  daytime  temperatures  and  low  humidities 
would  make  such  cooling  both  important  and  efficient. 

A  single  character,  tibiotarsus,  loads  witli  a  great  deal  of  differ- 
ence in  males  and  females.    For  males  differences  in  this  character 

Table  4. — Axis  II  characters  of  importance  in  the  sequential  canonical  plot  of 
the  morphs  paralleling  arid  to  mesic  habitat  occupancy. 


Standardized 
Loading  on 
Character  Axis  II 

Bony  Bill  Length  -.412 

Skull   Length  .422 

External   Maris   .537 

Sternum    Length    -.390 

Sternum   Depth   -.305 

Sternum   Width   125 

Hallux  Length  -.557 

Cheek  Yellow  Length  -.522 

Tail   Length  -.425 

Wing    Chord    .331 

Culmen     .286 

Humerus    Length    .244 

Weight    -.230 

White    R5    .279 

Flank     .229 


Character  Means  (mm) 
lilianae     S.   neglecta      S.  magna 
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are  approximately  equal,  with  Ulianae  being  intermediate  between 
magna  and  neglecta  (Table  3).  Consequently,  it  is  of  minimal  im- 
portance on  Axis  II,  which  effects  an  ecological  arrangement  with 
neglecta  intermediate.  But  in  females  the  tibiotarsi  lengths  of 
neglecta  (49.8  mm)  and  Ulianae  (50.4  mm)  are  similar,  while 
that  of  nuigtia  (51.1  mm)  is  larger.  This  provides  an  ecological 
contrast  between  the  two  xeric  and  mesic  forms  and  results  in 
tibiotarsus  being  an  important  Axis  II  character  for  females.  This 
difference  is  probably  a  result  of  sample  size  problems  that  forced 
me  to  pool  additional  neglecta  females  from  the  west  Texas  river 
samples.  At  these  localities  grass  height  was  greater  and  the  asso- 
ciated longer  legs  of  females  here  caused  an  increase  in  the  mean 
tibiotai'sus  length  for  neglecta  females  relative  to  that  of  males. 

Summary 

Samples  of  the  three  meadowlark  forms  found  in  western  Texas 
and  eastern  New  Mexico,  were  subjected  to  a  canonical  analysis. 
Specimens  of  Sturnella  magna  lilianue  taken  from  the  desert  grass- 
lands of  Texas  and  New  Mexico  are  entirely  distinct  from  S.  magna 
specimens  taken  from  nearby  populations  in  central  Texas.  A 
three-group  canonical  analysis  showed  Ulianae  and  magna  to  be 
over  60%  as  different  from  each  other  as  either  was  from  their  shared 
sympatric  congener,  S.  neglecta.  The  magnitude  of  this  difference 
and  the  complete  non-overlap  between  the  Ulianae  and  magna 
clusters  suggests  that  further  investigation  might  show  the  two  to 
be  incapable  of  interbreeding. 

The  three  taxa  fomi  a  sequence  in  habitat  aridity  (or  produc- 
tivity), from  xeric  to  mesic,  in  the  order  Ulianae — neglecta — magna. 
Plotting  the  specimens  on  Canonical  Axis  II,  extracted  from  a 
variance-covariance  matrix  for  morphological  measurements,  yields 
exactly  this  sequence.  This  offers  some  interesting  opportunities 
to  compare  character  differentiation  in  Ulianae  and  magna,  the  two 
most  closely  related  forms,  which  are  nevertheless  the  most  differ- 
ent in  habitat. 
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